Background: The China Dietary Guidelines Index (CDGI) is a diet quality evaluation index that can present the overall diet quality and is comparable between individuals. The aim of this study was to revise CDGI for Chinese adults according to the Chinese Dietary Guidelines 2016 (CDG-2016), evaluate adherence to recommended diets between 1991 and 2015, and analyze the trend, variation, and determinants of diet quality.
Introduction
Optimal diet plays an important role in reducing the risk of all-cause mortality and chronic noncommunicable diseases such as hypertension, diabetes, heart disease, stroke, and colorectal cancer [1] [2] [3] [4] [5] [6] . Achieving optimal diet is based on scientifically evaluating individual diet quality. Traditional evaluation of diet quality compared actual intake of foods or nutrients to the recommended intake. However, this method cannot determine overall diet quality or allow comparison of individuals' diet quality. Evaluating overall diet quality requires establishing a comprehensive index.
Several diet quality evaluation indices exist, the earliest of which date to the 1960s. Mean adequacy ratio (MAR) and nutritional quality index (NQI) were established based on nutrient intakes [7] . Desirable dietary pattern was based on food intakes [7] . The Healthy Eating Index (HEI) [8] , Alternative Healthy Eating Index (AHEI) [9] , Diet Quality Index [10] , Mediterranean Diet Score (MDS) [11] , Dietary Approaches to Stop Hypertension (DASH) score [12] , and others were based on intake of both nutrients and foods. Some of these indices have been updated with revised dietary guidelines and applied to different countries [13] [14] [15] [16] [17] [18] [19] [20] [21] . The main differences among these indices are their components and their methods of calculating scores. MAR was established based on recommended dietary allowances in the United States from 1968 with a full score of 100, which was the mean of multiple nutrients' adequacy ratio. NQI includes thirty-five nutrients, and the total score ranges from 0 to 100. Although a nutrient-based dietary index is more accurate, the calculation process is complicated, and there are some limitations to its application. There are at least four MDSs as measures of adherence to the Mediterranean diet, which is a dietary pattern [11] . The more widely used algorithm is based on fifteen dietary recommendations (the Mediterranean diet pyramid) by the Mediterranean Diet Foundation, and the possible range is 0 to 15.
Based on the Chinese Dietary Guidelines 2007 (CDG-2007) and the Balanced Dietary Pagoda, we established the China Dietary Guidelines Index (CDGI) using the core method of Harvard Healthy Dietary Index. Briefly, CDGI-2007 consists of ten components: (1) coarse grains; (2) total vegetables, including the proportion of dark-colored vegetables; (3) fruits; (4) nuts, soybeans, and soybean products; (5) milk and dairy products; (6) seafood; (7) red meat and poultry; (8) edible oil; (9) salt; and (10) alcohol. Each component is scored on a continuous scale from 0 to 10. The total CDGI score has a possible range of 0-100, with a higher score indicating better compliance with the dietary guidelines. We found that adults more adherent to CDGI had a lower risk of elevated low density lipoprotein cholesterol or elevated blood glucose [22] .
The Chinese Dietary Guidelines were revised in 2016, which meant that CDGI-2007 was no longer applicable. We have updated CDGI for elderly (CDGI(2019)-E) and evaluated the diet quality of the elderly from fifteen provinces, autonomous regions, and municipalities [23] . CDGI for adults has not yet been updated. Therefore, the purpose of this study is to (1) revise the CDGI for Chinese adults as CDGI(2019)-A according to the Chinese Dietary Guidelines 2016 (CDG-2016); (2) evaluate adherence to recommended diets by Chinese adults from 1991 to 2015; and (3) analyze the trend, variation, and determinants of diet quality at community and individual levels using three-level multilevel models.
Participants and methods

Study sample
All data used in this study were derived from the China Health and Nutrition Survey (CHNS) codeveloped by the National Institute for Nutrition and Health of the Chinese Center for Disease Control and Prevention and the University of North Carolina at Chapel Hill in the United States [24] . CHNS was a prospective study begun in 1989 (followed up in 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, 2015, and 2019) and was sampled by a multistage, stratified, clustered random method. The study included eight diverse provinces and autonomous regions from 1989 to 1997 and nine from 2000 to 2009. Based on the national administrative regions, a weighted sampling scheme was used to randomly select four counties and two cities in each province. Villages and townships within the counties and urban and suburban neighborhoods within the cities were selected randomly [24] . Townships and urban neighborhoods were grouped into the urban area, and villages and suburban neighborhoods were grouped into the rural area. More detailed sample and design are described elsewhere [24, 25] . Beijing, Chongqing, and Shanghai were added in 2011, and Shannxi, Yunnan, and Zhejiang provinces were added in 2015. The institutional review board of the University of North Carolina at Chapel Hill and the National Institute for Nutrition and Health, Chinese Center for Disease Control and Prevention, approved the study protocol (No. 201524). All of the participants signed the informed consents.
The data collected in 2019 are under manipulation. Adults aged 18-64 years with complete dietary, socioeconomic, and demographic data from 1991 to 2015 were involved in this study. Pregnant or lactating women, adults with energy intake less than 1600 kcal per day (kcal/d) or greater than 2400 kcal/d, and those with an implausible CDGI(2019)-A score (less than 1% of total population in each wave) were excluded. A total of 20,975 individuals living in 388 communities participated in this study. All of the participants signed the informed consents.
Methods of investigation
Consecutive 3d24h dietary recalls (two weekdays and one weekend day) were used in each wave to assess dietary intake at the individual level. Trained investigators interviewed each participant and then recorded the amounts and other details of all foods and drinks consumed except cooking oil and condiments. Household weighing method was used to obtain cooking oil and condiment consumption by all family members during the corresponding 3 days. The consumption of each participant was calculated according to the times cooked at home, meal proportions, and ratio of individual energy intake to household energy intake. The intake of carbohydrate and energy was calculated by means of China Food Composition [26] . The energy supply ratio of carbohydrates (%) = carbohydrates intake (g) × 4 kcal/g ÷ energy intake (kcal) × 100%. Salt intake consisted of NaCl from cooking salt, paste, and sauce.
Demographic information, income, physical activity, nutritional knowledge, and community status were all collected by trained investigators through face-to-face questionnaires. We asked the household annual income and the individual annual income of each participant each year and then calculated the household annual income per capita in different years, which were all inflated to 2015 according to the gross domestic product of each year to make them comparable. We defined whether the participants knew the CDG by their answering yes or no to this question: "Do you know the Chinese Dietary Guidelines?" The physical activity in our questionnaire had five levels: (1) very light; (2) light, meaning working in a standing position (e.g., salesperson, laboratory technician, teacher, etc.); (3) moderate (e.g., student, driver, electrician, metal worker, etc.); (4) heavy (e.g., farmer, dancer, steel worker, athlete, etc.); and (5) very heavy (e.g., loader, logger, miner, stonecutter, etc.). Body weight was measured by standard unified method and equipment. Physical activity level and body weight were used to calculate each participant's energy requirement.
The urbanization index was established by Jones-Smith and Popkin and was based on twelve multidimensional components reflecting economic, social, demographic, and infrastructural diversity at the community level [27] .
Energy requirement
To align with the Chinese Dietary Reference Intakes 2013, we regrouped physical activity into three levels: very light and light physical activity were considered level 1, moderate physical activity level 2, and heavy and very heavy physical activity level 3. Energy requirement was calculated by the following formula: energy requirement (kcal/d) = basal energy expenditure (kcal/kg·d) × body weight (kg) × physical activity level values. Table 1 shows basal energy expenditure by age and gender. The physical activity level values were 1.50 for level 1, 1.75 for level 2, and 2.00 for level 3 [28] .
Revision of CDGI(2019)-a and diet quality assessment
Four of the six recommendations of CDG-2016 for the general population concerning food were selected as components of CDGI(2019)-A. CDGI(2019)-A was composed of thirteen food-related components and one nutrient-related component: 1) other cereals and miscellaneous beans, 2) total vegetables, 3) ratio of darkcolored vegetables to all vegetables, 4) fruits, 5) milk and dairy products, 6) soybeans, 7) nuts, 8) seafood, 9) poultry and meat, 10) eggs, 11) cooking oil, 12) salt, 13) alcohol, and 14) energy supply ratio of carbohydrate. "Other cereals" referred to cereals other than rice, flour, and their products. "Miscellaneous beans" referred to beans other than soybeans. "Dark-colored vegetables" referred to vegetables with carotene ≥500 μg/100 g [22] . "Energy supply ratio of carbohydrate" was used to evaluate the intake of cereals and tubers. Equivalent weight continuity scoring was used to assess the diet quality of adults in China.
The components of CDGI(2019)-A can be divided into three categories: (1) adequate intake (other cereals and miscellaneous beans, vegetables, fruits, milk and dairy products, soybeans, and nuts), (2) appropriate intake (seafood, poultry and lean meat, and eggs), and (3) limited intake (cooking oil, salt, and alcohol). For individuals with different energy requirements, neither the subtotal score of each component nor the recommended food intake amounts was equal, as detailed in Table 2 . For the adequate intake foods, if intake was 0, the score was also 0; if intake was not less than the recommended amount, the score was full. For the appropriate intake foods, if intake was 0 or more than twice the recommendations, the score was 0; if intake was within the recommended ranges, the score was full. For limited intake foods, if intake was more than twice the recommendations, the score was 0; if intake was less than the recommendations, the score was full. In other cases, the score was calculated proportionally. The maximum score values were 5 for energy supply ratio of carbohydrates, 5 for other cereals and miscellaneous beans, 5 for vegetables, 5 for ratio of dark-colored vegetables to all vegetables, 10 for fruits, 10 for milk and dairy products, 5 for soybeans, 5 for nuts, 10 for seafood, 10 for poultry and lean meat, 10 for eggs, 10 for cooking oil, 10 for salt, and 10 for alcohol. The scoring method has been detailed elsewhere [23] . The total score, the sum of the fourteen components, was no more than 110 and was positive with diet quality.
Statistical analysis SAS 9.4 and MLwiN 2.36 software were used in this study. Hierarchy of communities, individuals, and repeated measurements was caused by the sampling, and the CDGI(2019)-A scores (level 1) of individuals (level 2) living in the same community (level 3) for each year were not independent. Therefore, traditional analysis of variance was not applicable, so three-level multilevel Total score 110 a For participants whose energy requirement is 1600-2400 kcal/d b Dark-colored vegetables are defined as ≥500 μg carotene/100 g of vegetables c For the cooking oil, salt, and alcohol components, we chose twice the recommended maximum intake as the criteria for 0 to increase the scoring variation models were employed in this study, implemented by MLwiN 2.36 software. Survey year was variable at level 1. Age, gender, education, income, and awareness of the CDG were variables at individual level (level 2), of which income was in quartile. Urbanization index was variable at community level (level 3). First, a two-level null model and a threelevel null model without any independent variables were fitted to analyze the intra-class correlation and variation at different levels. Then, a three-level random intercept growth model including survey years as category variate was fitted to explore the trend of total score. Subsequently, a three-level random intercept growth model, including covariates at both individual and community levels, was fitted to analyze the determinants of CDGI(2019)-A scores. Finally, a three-level random intercept-slope growth model was fitted to analyze the variation of impact of covariates on total score at the community level.
The log likelihood ratio test was used to compare the goodness of fit between models, and the Wald χ 2 test was used to test coefficients and variances in models. Standardized residual × normal scores plots were used to test the assumption of normal distribution at different levels. Table 3 describes the characteristics of participants. In 1991 there were 5544 participants, and in 2015 there were 7458 participants. The percentage of male participants decreased from 43.6% in 1991 to 37.2% in 2015. The percentage of participants living in urban areas remained approximately consistent from 1991 to 2009, but increased significantly in 2011 and 2015. During the period of investigation from 1991 to 2015, the ages of the participants increased continuously, and the percentage of participants who knew the CDG increased significantly from 8.5% in 2004 to 29.4% in 2015.
Results
Characteristics of the participants
The adherence to recommended diets in Chinese adults from 1991 to 2015 showing a significantly upward tendency. Females and participants living in urban areas, with higher education, with higher income, or who knew the CDG had higher total scores than males and participants living in rural areas, with lower education, with lower income, or who did not know the CDG in each year. The total score also increased with the urbanization index. Additional file 1: Table S1 shows the detailed scores. Table 4 shows the percentage of participants in each component scored in various ranges. The percentages of CDGI(2019)-A score in the range of 0-< 55 (half of the total score) decreased from 93.7% in 1991 to 73.8% in 2015, and the range of 55-< 110 (full score) increased from 6.3% in 1991 to 26.3% in 2015. There were no participants with full score (110 points) from 1991 to 2015.
Of the fourteen components, adherence of alcohol intake scored the best. From 1991 to 2015, the percentage of participants with full score for alcohol significantly increased from 94.0 to 98.5%. Next best was energy supply ratio of carbohydrates, with less than 4.1% of the participants having a score of less than 2.5 (full score is 5) in any year, and the percentage of participants with full score increased from 40.2% in 1991 to a peak of 47.1% in 2000 and then decreased to 38.5% in 2015. The next optimal component was cooking oil. Although the percentages of participants with full score for cooking oil decreased from 42.5% in 1991 to 39.6% in 2015, the proportion of full score was higher than for other components in each year. The percentage of participants with full score for salt rose most quickly, significantly increasing from 12.6% in 1991 to 33.4% in 2015. The percentages of participants with full score for vegetables, soybeans, and ratio of deep-colored vegetables to all vegetables declined from 1991 to 2015. The largest gaps with respect to the CDG were in intake of milk and dairy products, fruits, nuts, other cereals and miscellaneous beans, and seafood, with more than 91.6, 72.0, 82.5, 82.6, and 77.7% participants scoring less than half respectively over all study years. The low scores for these kinds of foods primarily account for the low CDGI(2019)-A total score.
Variations and trend of CDGI(2019)-a total score
Model 1 in Table 5 shows that 25.6% of the total variation of CDGI(2019)-A score from 1991 to 2015 was between-individual and 74.4% was intra-individual. As shown in Model 2, 87.4% of the between-individual variation derived from the community level (level 3). From Model 3, we found that the CDGI(2019)-A score significantly increased 0.9, 1.4, 1.4, 4.6, 5.0, 7.5, 8.6, and 8.1 points respectively from 1993 to 2015 compared to the score in 1991.
Impact of covariates at different levels
The coefficients of fixed effect and variances of random effect and their standard errors of the three-level multilevel models after adjusting for survey years, age, gender, education, income, urbanization index, and awareness of the CDG are presented in Table 6 .
From the three-level random intercept growth model, we found that the CDGI(2019)-A score was significantly positive with the covariates mentioned previously except for age. The score significantly increased an average of 0.3 points each year, and the score of females was significantly higher than that of males by 3.2 points. Participants with middle school education scored 1.0 points higher than those with elementary school education and below, while participants with high school education and above scored 1.9 points higher than those with elementary school education and below. Compared to the lowest quartile of income, the scores of the second, third, and highest quartiles were 0.8, 1.0, and 1.2 points higher respectively. In addition, the scores of the lowest and the second quartiles of urbanization index did not differ statistically, which were about 2 points lower than both the third and the highest quartiles. The score of participants who knew the CDG was significantly higher than that of participants who did not know the CDG by 0.9 points.
From the three-level random intercept-slope growth model, we found that the impact of gender and education on the CDGI(2019)-A score was not significantly different in different communities, for the P values of variances were all greater than 0.05. The impact of income and awareness of the CDG on the score significantly varied in different communities, and the variances of the third and highest quartiles of income were larger than that of the second quartile in different communities.
Discussion
We revised the CDGI-2007 for adults into CDGI(2019)-A according to the CDG-2016 by means of the equivalent weight continuity score method, which was the core of Harvard Healthy Dietary Index. Compared to the previous CDGI, the CDGI(2019)-A changed the score of other cereals from 10 points to 5 points and added two components, which were the energy supply ratio of carbohydrates for 5 points and eggs for 10 points. Therefore, the total score increased from 100 to 110. Subsequently, we calculated the CDGI(2019)-A for Chinese adults aged 18-64 years to evaluate the diet quality over a twenty-five-year period from 1991 to 2015 and further analyzed the variation and trend of CDGI(2019)-A score and its influencing factors at Fig. 1 The total scores of CDGI(2019)-A of Chinese adults community and individual levels with three-level multilevel growth models. We also analyzed the components of CDGI(2019)-A score. We found that the total CDGI(2019)-A score increased from 38.2 in 1991 to 48.8 in 2011 and decreased slightly to 47.3 in 2015, with an average increase of 0.4 per year. Despite the continuous improvement of diet quality, the score was still less than half of the full score, and diet quality can still be improved.
The dominant reason for the low total score was that the scores of milk and dairy products, fruits, nuts, other cereals and miscellaneous beans, and seafood (e.g., fish, Half score: the half scores are 2.5 points for components 1-4, 7, and 8; 5 points for components 5, 6, and 9-14; 55 points for total score Full score: the full scores are 5 points for components 1-4, 7, and 8; 10 points for components 5, 6, and 9-14; 110 points for total score shellfish, and mollusks) were quite low. Along with rapid economic development and social transition, China has undergone nutritional transition and dietary westernization over the past three decades. However, previous studies showed that these five kinds of foods have been seriously inadequate during this time [29] [30] [31] [32] [33] [34] [35] [36] . Low scores of milk and dairy products, seafood, fruits, and other cereals and miscellaneous beans were also primary reasons for low diet quality among the elderly population in China [23] . Inadequate intake of these kinds of foods has become a national nutritional problem, and increasing intake should be regarded as an important goal for Chinese residents to improve their diet quality in the future. Overnutrition was also a reason for the low CDGI(2019)-A total score. For example, the average daily intake of red meat for Chinese adult males increased from 69.4 g in 1991 to 90.6 g in 2009, while daily intake for females increased from 52.2 g to 73.7 g [37] .
In 2011 and 2015, we included three municipalities-Beijing, Shanghai and Chongqing-which have better adherence to recommended diets than the original nine provinces and the Shannxi, Zhejiang, and Yunnan provinces (which joined in 2015). Although including the three municipalities caused the total score in 2011 and 2015 to rise to a certain extent, it did not change the longitudinal trend of the gradual increase of the total score from 1991 to 2011, but a slight decrease in 2015.
From the further analysis of the fourteen components (not shown in the results), we found that the decline of the fruit score caused by a significant decline of fruit intake from 2011 to 2015 was the primary reason for the decline of the total score from 2011 to 2015. Why the intake of fruits decreased sharply is worth exploring in depth.
The CDGI(2019)-A score in our study was not comparable with previous studies in assessing the diet quality of Chinese adults for the evaluation indices differed [38] [39] [40] [41] [42] . Some of those studies employed indices used abroad that were not suitable for China. The trend of diet quality in our study was not consistent with the previous study. Huang et al. found that the diet quality of Chinese residents increased from 2004 to 2006, but declined from 2006 to 2011 [41] . We found that the diet quality increased from 1991 to 2011 wave by wave, but slightly declined from 2011 to 2015. One of the possible reasons for this inconsistency was that the age of participants and exclusion criteria in the two studies were different, but the main reason was that the index components and scoring methods were completely different.
Because of the sampling method, the participants in this study had hierarchy of community-individualrepeated measurements (survey year) and aggregation at different levels. This kind of data violated the independence required by the traditional variance analysis [43] . Neglecting the hierarchy or nonindependence will result in incorrect conclusions [44] . Therefore, three-level multilevel models were used in this study.
We found that the variances of random effect at different levels showed that the impact of community level on the CDGI (2019)-A score was seven times that of individual level, suggesting that intervention at the community level might more efficiently improve the diet quality of Chinese adults than intervention at the individual level. Although we found that females and participants with higher education, with higher income, or who knew the CDG had better diet quality than males and participants with lower education, with lower income, or who did not know the CDG in each year, the degrees of impact were different at the individual level. The impact of gender on diet quality was 1.7 times that of education, 2.6 times that of income, and 3.4 times that of the awareness of CDG after adjusting for other covariates. Besides improving education, income level, and nutrition knowledge, we should focus more on males to improve diet quality. At the community level, this study only included a comprehensive index-urbanization index, which explained about 17.1% of the variation at this level. Further determinants at this level need to be identified. Income and awareness of the CDG have been determined to be variates that had significant different impact on the CDGI(2019)-A score in different communities, rather than age, gender, or education, which means that the most effective intervention should be selected in different communities according to local conditions. Standardized residual × normal scores plots can not only test the normality of the models, but also detect the suspected outlier at different levels, which is another important characteristic of the multilevel model. This can be done in further studies.
In addition to evaluating diet quality, the diet quality evaluation index can be used as a dietary evaluation tool to study nutrition and health status. Overseas studies have found that the MDS, alternate Mediterranean Diet Score, HEI, AHEI, and DASH score are negatively correlated with the risk of cardiovascular disease incidence or death [45] [46] [47] [48] and with the risk of colorectal cancer [49] . We previously found that CDGI-2007 score had a negative relationship with the risk of elevated lowdensity protein cholesterol or elevated blood glucose [22] . CDGI(2019)-A was a revision of CDGI-2007 for Chinese adults, and the impact of cardiovascular metabolic risk factors can also be analyzed theoretically. Further studies are needed to verify the association between CDGI(2019)-A and health outcomes to provide evidence for predicting the risk of chronic noncommunicable diseases.
Our study also had limitations. First, consecutive 3d24h recalls may not accurately estimate the intake of episodically consumed foods compared to nonconsecutive 24 h recalls, and this underestimated the food intakes. Second, intakes of cooking oil and salt were estimated by household weighing method. This method can represent the consumption of oil and salt only for home meals, not for meals eaten outside the home.
Conclusions
The diet quality of Chinese adults has successively improved during the twenty-five-year period but is still relatively poor. The largest gap with respect to the food recommendations is insufficient intake of milk and dairy products, fruits, nuts, other cereals and miscellaneous beans, and seafood. Females and participants with higher education, higher income, or more awareness of CDG had better diet quality. Income and awareness of CDG had different impacts on the diet quality in different communities. Intervention at the community level may be more efficient in improving the diet quality of Chinese adults than intervention at individual level.
